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THE USEFUL POTENTIAL OF USING EXISTING DATA TO 
UNIQUELY IDENTIFY PREDICTABLE WIND EVENTS AND REGIMES 

PART II 

C. Notts, Meteorologist 
Freese - Notts Weather, Inc. 

Des Moines, Iowa 50313 


ABSTRACT 

Wind data from four DOE sites for the year 1979 was stratified and found 
to naturally fit into a few unique groups. These were compared with 
synoptic weather patterns using the Booz-Allen classification system. 
Strong relationships became evident between a particular synoptic type 
and vrind events for each site. Statistics Indicate certain patterns 
which result in strong winds, ( >7 m/s, 15. 6 mph), and some that result 
in weak winds. For each site there is a preferred wind direction assoc- 
iated with the strongest speed. Important relationships have also been 
found comparing 850-mb and surface wind. Additionally, comparisons be- 
tween pressure gradient and wind speed for a given gradient direction 
show some significant relationships. It can be stated that the overall 
results of the study show that by using existing data for any site, the 
winds can be characterized and correlated with synoptic weather patterns. 
As a result, reliable wind forecasts can be made for utility companies 
for the purpose of power generation. 


INTRODUCTION 


During the period May through October of 1979 a few private weather con- 
sulting companies (including the author's company) were under contract 
with Battelle Pacific Northwest Laboratories to forecast winds up to 24 
hours in the future for the various DOE wind turbine generating sites 
scattered throughout the United States. In some of these locations 
there was no National Weather Service reporting station, thus eliminat- 
ing any real time data. In addition, forecast verification of any kind 
was unavailable until about July or August. When some forecast verifi- 
cation was available there was a three month lag. In other words, ver- 
iticatlons received in July were actually the May verifications. With 
these severe handicaps. It was almost as If forecasting blindfolded. 
Therefore, the forecasts were naturally less than desirable. However, 
there was some skill shown, especially by several of the weather consult 
ing companies. 
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It became apparent following that forecasting project that each of the 
sites had Its own very unique wind characteristics. For example, a 
northwest (NW) gradient will result In a strong southwest (SW) wind at 
one site and a strong (NW) wind at another site. In order for forecasts 
to become reliable enough to be used by utility companies, It was felt 
that research was necessary to study the Intricate relationships between 
synoptic and mesoscale weather patterns, topographic Influences, and a 
particular wind event at each site. In turn, this would lead to finding 
forecasting rules and site characterization. Therefore, the decision 
was made by Battelle personnel to undertake such a study. Contracts 
were then awarded to two private weather consulting companies, Murray 
and Trettel, Inc. of Northfield, Illinois and the author's company. 

Research on this project started in early February, 1981 and is expected 
to be completed by December, 1981 with the wrltting of a final report. 

It is the purpose of this paper to report on the progress and findings 
of this study up to the present time, llie four sites which have been 
designated for study by Freese-Notis Weather include San Gorgonio, 
California; Clayton, New Mexico; Boone, North Carolina; and Montauk, 

New York. 


DATA SOURCES AND PROCEDURE 

There have been three basic sources of data used to conduct this research. 
These include Battelle - furnished time- series plots for each of the 
four sites for the year 1979, digitized hourly averaged observed wind 
speed and direction data, and National Climatic Center (NCC) - furnish- 
ed synoptic weather maps on microfilm. 

The time-series plots were carefully analyzed according to certain 
criteria for speed and direction and a stratification was performed. 

It was found the plots naturally fit into five or six distinct groupings 
per site. That alone suggests certain relationships between synoptic 
patterns, topographic effects and wind events at each site. An example 
of a time-series plot for San Gorgonio for May, 1979 is shown in 
Figure 1. Table 1 lists the wind speed and direction stratifications 



FIGURI 1. TIME-SERIES PLOTS FOR SAN GORGONIA FOR MAY, 1979 
SHOWING THE AVERAGED HOURLY WIND SPEED AND WIND DIRECTION 
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TIr‘ dl^ittlzcd data wa« iwod to record the actual speed and dlri'ctlon 
at the sites for 1200 and 0000 OMT for the entire year in?*). Those 
t inioH wo ro p i o kod t o c o I nc 1 do wi t h t ho NCC dii t u • 

The NCO mlerofllm data used. Included surface imips, 500-mh, 700-rah, and 
850-rah surfaces for the United States. These nuips were carefully examin- 
ed and a particular synoptic pattern was noted during 0000 and 1200 OMT 
for the sites, tn order to facilitate and simplify the de.scripl Ion of 
the patterns, some kind *'f classification system was necessary. It w.is 
decided that a classification system devised by Booz-Allen (Hollander, 
IhhS) would be used for this purpose. The Booz-Allen (B-A) system 
consists of IS surface types and 20- SOO-mh types. It was decided to 
also apply tite SOO-mb B-A types to the 700-mb surface. For the 8S0-mb 
surface, the wliul speed and dlrectiv'ii (estimated at that level) was 
recor.led f.tr later cttmparlsons with itite winds. Table ? lists the B-A 
surface types. I’he B-A SOO-mb types are tmt shown here because research 
on the upper air patterns Is ni't c.tmpl.'te. 'Vhls class 1 1 teat Ion system 
proved to be very beneficial to the project. At times It was rather 
dllflcnlt to decide \.ihat B-A designation a particular synopt Ic pattern 
should hav*>. I.e. "prel ronp.h" I'f "post r Idp.e", etc. But the result Inp. 
winds In these cases are *|nlte similar. In fact, .some thought mav In' 
j’lvi'n 1 1 ' citmblne these U-A type!! int.' t'se, lat*'r In the project. 
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Each of the B—A types for the various pressure surfaces was compared 
with the observed wind speed and direction and with the stratified 
wind groups. Naturally, in some cases certain B-A types occurred so 
Infrequently that it was decided to Ignore them. The means and standard 
^®"'Tifltlons were calculated for each relationship to get an idea of how 
each sample was dlstrlbiited. 

Due to the importance of the cut-in speed of .6.2m/s (14mph) for the 
l®)D-2 Hind Turbine (Senerator, considerable work has also been done on 
^1*® ^ 7m/s (15.6mph) threshold. For each B-A type, the number of occur- 
rences of ^7m/s wind speed was calculated in percent. To further study 
speed relationships, the perpendicular pressure gradient across 335 kilo- 
meters (180 nautical miles) centered at the site was determined for 
0000 GMT and 1200 (MT for each site. The gradient direction was also 
recorded so that the relationship between gradient direction, gradient 
strength, and wind speed could be studied. Finally, the ratio between 
the surface wind speed and 850— mb speed was calculated and compared 
with B-A types. 


DISCUSSION AND RESULTS 
San Gorgonio 
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Prior to tho ntart of thlH rooonrch it wno the connonaufl Uuit this site, 
would bo the roost difficult In terms of forocnatlng. However, nfter n 
brief glnnce nt the dntu, It beenroe quite obvious thnt Snn (?orgonlo 
displays the roost consistent relationships between synoptic weather pat- 
erns and wind events. In order to better understand the wind charac- 
teristics at this site, a brief topographic description la helpful. The 
site Is located In a basically east-west mountain pass In southeastern 
California. The elevation Is approximately 341m (1120 ft.) and 5000- 
8000 foot mountains lie to the north and south. Needless to say this 
topography plays a very important role in determining the wind events 
at the site. 

It does not take much Investigation to see that by far the favorite 
wind direction at the site Is southwest (SW) to west southwest (WSW), 
whenever speeds exceed 6m/s. The typical time series plot shown In Fig- 
ure 1 clearly demonstrates this characteristic. Furthermore, a study of 
Table 3 also shows this relationship. In this Table the mean direction 
and its standard deviation (O'), the mean speed and <r , and the % ^ 7m/s 
are recorded for the appropriate B-A type. The B-A types which have two 
mean directions recorded Is due to the bl— modal character of these types 
The bl-modal character is caused by diurnal effects when the pressure 
gradient Is very weak or when the gradient direction is northeast (NE) 
t hrough south (S ) . Under these conditions the wind tends to be strong 
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SW during the day and light easterly (E) later at night and early morn- 
Ing. Figure 2 graphically shows this M-modal phenomenon for B-A type 28, 
However, note the predominance of the SW direct Ion. More than 80% of the 
time the wind Is SW for this B-A type. Generally, the strong wind types, 
all with direction from 220“- 2b0®, are associated w^th a posttrough, 
a prertdge , or a post cold frontal situation. This Implies a very 
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Important phenomenon regarding pressure for this site. As long as the 
pressure is lower to the east of the site, the wind will blow quite ^ 
strong (generally at least 7m/s and quite often >15m/s) between 220*- 
260* . The exact strength is generally dependent upon the pressure 
gradient. On the other hand, the odds for a very light wind ( -6m/s) 
are very high with low pressure to the west of the site. A mesoscale 
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FIGITRE 2. TYPICAL WIND DIRECTION FOR SAN GORGONIO 
FOR BOOZ-ALLEN SURFACE TYPE 28. 

feature that sometimes occurs is a weak trough of low pressure just 
west of the site followed by the usually strong Pacific High. If not 
analyzed carefully, this weak trough might be missed. This will result 
in an over estimate of the wind speed. The above pressure rules are 
so universal at San Gorgonlo that one has to double check for possible 
error if something contradictory to the rules is observed. 

Referring to Table 3 once again, note that with a few B~A types a mean 
speed ando- is given without any direction. This is due either to the 
very small number of observations, or the great scattering of the data 
in some cases making the tnean direction meaningless. This occurs with 
very light gradients. The most frequent B-A types are generally num- 
bers 27-29, 31, and 34. The Table also shows the 850-mb mean direction 
and V* , the mean speed and <r , and the ratio of the surface speed to the 
estimated 850-mb speed for the appropriate B-A surface type. It is in- 
teresting to note quite a few occurrences of stronger surface winds than 
850-mb winds especially for the posttrough or postfront types. Finally, 
the Table also shows the % 7m/s for the particular B-A surface type. 

Not surprisingly, large percentage values appear for the typical and 
frequent B-A types for the site and small values are common for the 
pretrough types. The author suspects this correlation would be even 
stronger, but in some cases it was rather difficult for the researcher 
to decide which B-A type should be assigned for a particular synoptic 
situation. A great deal of individual judgement went into the decision. 

We are currently in the process of combining some of the B-A surface types. 
For example, we are combining B-A types 3, 13, 19, 25, 28, 29, and 31 
duo to th? similarity in Isoharlc orientation for these types. In a 
similar manner numbers 2, 4, 12, 18, 24, 27, 30 and 33 are being combined. 
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We are designating the first group an postfrontal or posttrough and the 
second group ub prefrontal or pretrough# Prolitninory Indicatlona with 
this approach give encouraging results. Another glance at the Table 
still suggests some inconsistencies however. There appear to be a sig- 
ificant number of cases with the designation of "pretrough" or "prefrontal' 
that have winds >7m/s. The secret here is the orl«‘M*«tlon of the is- 
obars from west to east as a low pressure center or meridional trough 
passses off to the north of the site. Under this situation, a fairly 
strong southwest wind can result. On the other hand if a high is 
located to the north (east to west pressure gradient of B-A number 34) 
the result is very weak wind of < 5m/ s (< ll.Zmph) even with a fairly 
tight pressure gradient. Typical surface analyses of a strong and weak 
wind situations are shown in Figure 3. 



Finally, Figure 4 shows the relationship between pressure gradient 
and wind speed for a given gradient direction for all sites. As far 
as San Gorgonio is concerned, the curves beautifully demonstrate the 
very light wind conditions for the gradient directions ME through SW. 

For the westerly (W) gradient, we do notice a speed average ofi8m/s 
for 1,2, 4, 5, and 6-mb gradients. The dip at 3-mb is probably due to 
an insufficient data sample. This Figure helps to explain the above 
mentioned inconsistencies. For, if low pressure is to the N or NW of 
the site, the gradient direction is more than likely to be W. For the 
NW and N gradients which truly imply lower pressure to east and high 
pressure west, the speed increases dramatically as the pressure gradient 
increases. As of the wrltting of this paper, similar graphs showing 
the relationship between pressure gradient and wind direction for a 
given gradient direction are not completed. Also, the 500-mb and the 
700-mb data has not been fully analyzed yet but it is suspected that 
this data will not be as useful as that of the surface and 850-mb. 
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PRESSirc GWPIHtT (MiaiRflRS) / 5?; Ml (ISO fWmcflL nil£S) 

FIGURE 4. CURVES RELATING PRESSURE GRADIENT AND WIND SPEED FOR 
SAN GORGONIO FOR 8 GRADIENT DIRECTIONS. THE HORIZONTAL DASHED LINE 
IS THE 7 M/S THRESHOLD. OTHER FINE DASHED LINES IMPLY NO DATA AVAII 
ABLE BETWEEN POINTS. 


Clayton 

Clayton is located in the extreme northeast corner of New Mexico and 
has an elevation of 1534m (5030 ft). The foot hills of the Rocky 
Mountains begin 10 miles west of the site. This site is considerably 
more complex in terms of weather regimes and site wind events than the 
San Gorgonlo site. However, after a careful examination of the data 
the "secrets" of the site are being revealed. 

As can be seen from Table 4, the most common B-A types are 24-26, 31, 
33, and J4. All types have mean direction between 160** and 230^ 
except for types 3, 13, 25, and 31 which show a W to NW direction. 
However, the standard deviations are quite large suggesting the great 
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great diurnal effect going on at any time of the year. The preferred 
direction at Clayton is somewhere between 180 - 360 for the 
strongest speeds with the prevailing wind being SW, Except for quite 
strong pressure gradients, the wind will generally blow quite strong 
from the SW during the day at > 7m/s and light and variable at night 
and early morning. A good correlation exists between the surface direc- 
tion and 850-mb direction for the great majority of the B-A types. 
Generally, the two don’t vary by more than 20*" -40®. The ratio between 
the surface and 850-mb speeds is generally between 0.7 and 0.9 for all 
the synoptic types. Speeds can be strong at the site from all directions 
except for NE through ESE. In these cases the speeds are generally 
< 4m/s. 

Clayton is notorious for blowing against the gradient. For example, an 
E gradient can result in a NW wind. In some cases, especially in the 
summer half of the year, weak low pressure is located in western Kansas. 
With this situation, Clayton will blow from the S\f right across the 
isobars into the low. If one had to choose the most common synoptic 
pattern for Clayton it would have to be the lee-side trough either just 
west, over, or Just east of the site. Figure 5 shows a strong and a 
weak synoptic type for Clfiyton. 

Figure 6 for Clayton graphically shows a fairly strong wind for most 
gradient directions. The outstanding exception 1- ;he SE gradient 
which shows light winds for all pressure gmdlent strengths. E and 
S gradients are also fairly weak. 

During the progress of this research the followin'', "rules of thumb" 
have been observed for Clayton; 


383 


ORlQfNAU PAQ6 IS 
OF POOR QUAUTY 



FIGURE 5. TYPICAL SURFACE MAP DESCRIPTION ASSOCIATED WITH STRONG 
WIND (LEFT) AND WEAK WIND (RIGHT) FOR CLAYTON. 
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FIGURE 6. SAME AS FIGURE 4 EXCEPT THESE CURVES FOR CLAYTON, 
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1. A NE ^^rmUpnt- nnuil t.H In ^00 d I nation mul >10 ni/n 

If >\r<uUnnt In 

Spoodn nnn bn offon lif\bt wUb NH «rnUJnnt nnlnmi tho iirommro 
RvadUmt in ntronn or In umlnr tlu' Infl-uumv nf nironp, **pi*»0 front" 
typo. 

:1. An E Rrndlont of<!lmb ronnltn in vnriablo dii’i^otlon mul <7ni/n 
A. A SE Br(ul.lont yioUla whuln of <7m/n ofton UlowinB Oil® -08'^'. ^ 

Ti. If hlph noutlMmrd Into tho n ito tho d.l, root Ion w11. bo I 'M) - 

ISO*' with a 8E Bradlont. 

(». Kor a 8 Bradiont npoodn aro Bonoral.ly >7m/n ovon for vory woak 
nradlontH (2mb In 180 itautioal. niiloa). IVlrootlon la ^morally 
U>0*^“ 220*dopondlnB on tbo low poaltion. 

7. For a SW Bradiont, If troufib la near tho alto, apood will bo qulto 
strong ( >7ra/8) from tho S or SW rogardlcaa of gradlont atrongth. 

8. With a W gradient, apood la generally >7m/a from 180* to 22(f . 

9. With a NW gradient wind blows 270®-300®if no low prcn4aure la In 
tho vicinity. If a low la located northoaat of Clayton, tho wind 
will blow from about 2A0®. 

Boone 

Thla alto la located on top of a 13A8ra (AA20 ft.) mountain In fur weat- 
ont North Carolina on tho Apaluchlun Chain. The atatlatlca of Table 5 
show tho moat common B-A gypoa to be 3-5 and 29-35. Ttio direction with 
the Btrongor apooda are Sw through NW with tho peak apeoda occurring with 
NW winda as la common in tho oastern U.S. At Boone the super strong 
winds (occasionally >20nt/a) occur as a low paaaoa off to the north, the 
associated strong cold front pushes oast of tho site, and the high pres- 
sure center approaches from the middle part of tho country. The B-A 
synoptic typos with that regime aro 3, 29, and 31. Those types aro 
naturally more predominant In tho winter half of the year. From Table 
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FIGURE 7. TYPICAL SURFACE MAP DESCRIPTION ASSOCIATED WITH STRONO 
WIND (LEFT) AND WEAK WIND (RIGHT) FOR BOC .3. 



FIGURE 8. SAME AS FKJURK 4 EXCEPT THESE CURVES FOR BOONE 





thP flurfrtce to flSO-’rob spood ratios ore gonornlly between 0.7 and 

0. 9. for the common D"A types. The exception Is B"A number 30 having 

a ratio of about 1.2. The strong wind B"A types also have high pere#n" 
tage values of 57m/s. Typical strong and weak synoptic types for Boone 
are shown in Figure 7. 

On Figure 8 It Is seen that the only gradients resulting In very light 
wind are the E and 8E and In some respects the NE and 8 with gradient 
strength < 4mb. The dashed lines In some of these curves Indicoto 
lack of data between points. The 8W and N gradients result in stJiong 
wind events as soon in the grophs. 

A few "rules of thumb" for Boone include the following for the NE 
through S gradients (tricky gradients for this site)l 

1. With a NE gradient, direction is generally 320*- 340® except with 
an E to W high pressure to the north or a low to the S or SE in 
which case the direction is 010®-040®, Speeds are generally 
fairly strong if gradient strength is S4mb. 

2. The direction with an E light gradient is 300® -330®. Stronger 
gradients result in 070®-ll0®wind direction. In just about all 
cases the speed is rarely over 5 or 6m/s, 

3. The SE gradient results in light speed (generally <6m/s) and often 
has 290 -330® direction. 

4. With a weak S gradient (14mb) wind tends to blow wit' . '<-mb 

direction and be 4 7m/s. When a wave or trough 0 . . the 

vicinity of Tennessee-Kentucky area a SE direct. .i .all r.-8alt. 

If gradient is strong, wind will blow with the gradient. The 
speed Is quite strong ( >10m/s) when a front is near the site with 
the S gradient. 

Montauk 


This site is located on the southeastern tip of Long Island, N.Y. The 
most common synoptic types for this site are B-A numbers 2-5, 18-19, 
29-35 as seen in Table 6. Because of Its location in the northeastern 
U. S., it is affected by quite a few synoptic types. This is not neces- 
sarily the case for San Gorgonio, Clayton, and In some respects Boone. 
The. table shows the strongest speeds tending to be associated with B-A 
types having W or NW winds. About the only apparent contradiction to 
this is B-A type 31 with mean speed of 6.5m/s. This type has a large 
number of occurrences (119) but it is also noted that the v is astro- 
nomical. Thus, in many of these cases it is suspected that the ridge 
axis is just west with the high center to the north. This can cause 
a considerable number of cases with light E through NW winds explain 
Ing the rather low speed for B-A number 31. The surface to 850-mb 
ratio Is generally between 0.4 and 0.7 for the common synoptic types. 
This ratio is significantly lower than the ratio for the other sites, 
but on the other hand the 850-mb speed is stronger for this site as 
is common for the northeast U.S, Figure 9 shows the typical strong wind 
and weak wind pattern for Montauk. 

Glancing at Figure 10 for Montauk, one thing that should be pointed 
out is that it generally takes i4mb gradient strength for all gradient 
directions to result In speeds of i7m/s. The gradients with the 
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weaker speeds seem to be NE, E, and S but note the large range for 
this site. The gradients associated with the highest speeds are the 

NW and N. 

The '‘rules of thumb" observed for this site include the following: 

1. NE gradient is not generally good for strong wind. A high 
percentage of cases are <7m/s. This is especially true for 

2. I^gradient is^'likewise not a strong wind gradient but is a bit 
stinger than NE. A gradient strength 3 or 4 mb usually produces 

3. SE gradient is not very frequent. For a gradient strength of >3mb 

4. S^gradient is'not^a strong wind gradient. It usually takes iSmb 

to result in wind of i 7m/ s . . . j j c 

5 SW pradient is fairly common. 4mb or higher gradient gives wind of 

hut even smaller gradient strength can result in quite 

a few cases of i 7 . , j j 

6 The W gradient is also common. Any gradient can produce wind of 

V 7 m/fbur 8 radle»t. of >5mb rooults In speed S 7 consistently. 

7. The NW gradient produces some of the strongest winds of up to 20 

ra/s consistently. / j „ i„ tUr. 

8. The N gradient also produces speeds up to 20 m/s and a 1°^ in th 

range of 10-20 m/s. A strength tSmb results in speed of -7m/s 

9. orth^four^sites studied Montauk by far has the best correlation 
between wind direction and gradient. The direction is generally 
within 10®-30® of the gradient direction. 
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SUMMARY 


Research on this project is by no means complete, but the results and 
findings to this point are very encouraging. There are strong correl- 
ations between synoptic features and wind events. The wind events are 
obviously also influenced by the local topography. When this study 
began, there were three major questions to be answered* 

1. Are there synoptic or subaynoptlc scale weather patterns evident 
at the sites in such a recognizable pattern, that they can be used 
to more accurately predict wind events for the purposes of power 
generation? 

2. Given a set of criteria with unique characteristics, can one then 
recognize the weather patterns with which they are associated? 

3. Using the site winds and archived analyses, can characterization 
of the site winds in terms of apparent mesoscale effects of local 
topography be separated from synoptic scale effects? 

The answers to all of these are positive. The results clearly show 
that by using existing data for a given site, the winds can be 
characterized and correlated with synoptic weather patterns. 

When this Is accomplished, there is no doubt that forecasts of wind 
events for the large wind power generators will be quite reliable 
and very useful to utility companies. If given the opportunity to 
once again forecast for these sites following the completion of this 
research, the author strongly believes that these forecasts will be 
much more accurate, than those during the forecasting project of 1979 . 

As previously mentioned the current research is not complete. More 
work is needed to study in greater detail diurnal and seasonal effects. 
Further investigation is also necessary on gradient, speed, and direc- 
tion relations. Finally, some refinement of the findings is also 
needed. 
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